Coconut palm (Cocos nucifera) is a plant species recalcitrant to in vitro morphogenesis and no protocols for the genetic transformation of coconut tissues have been published. The present study aimed to develop a protocol for genetic transformation of this palm species; evaluating reporter genes, transformation methods, and conditions for the use of antibiotics to select transformed plant cells. The gene gusA was first used for Agrobacterium tumefaciens mediated transformation of coconut embryogenic calli. However, endogenous GUS-like activity was found in calli not co-cultured with bacteria. Then essays for Agrobacterium-mediated transformation were developed using green and red fluorescent genes. Both genes are suitable as reporter genes for coconut transformation. In order to establish a protocol for coconut genetic transformation, an approach was used that combined biobalistics to generate micro-wounds in explants, vacuum infiltration and co-culture with Agrobacterium tumefaciens (C58C1 + pER10W-35SRed containing the embryogenesis related gene WUSCHEL). Calli treated with the combined protocol showed red fluorescence with greater intensity and greater area than calli treated with either biobalistics or infiltration, followed by bacteria co-culture. PCR amplification of DNA extracts from transformed embryogenic callus produced a band with the expected size using WUSCHEL primers (862 bp). No band was obtained using the VirE2 primers. This is the first report of transient genetic transformation of C. nucifera and it is the first step toward a protocol that will be useful for the study of the role of genes of interest and for practical applications, such as the improvement of coconut micropropagation via somatic embryogenesis.
Introduction
Coconut (Cocos nucifera L.) cultivation is affected by several phytosanitary problems, and lethal yellowing disease has been the most devastating, killing millions of coconuts in the Americas (Harrison & Oropeza 2008) . So far, the most effective way to deal with lethal yellowing disease is using resistant germplasm, but its identification is a very lengthy process that takes years. In Mexico, lethal yellowing disease resistant coconut ecotypes were identified in a ten-year field evaluation (Zizumbo et al. 2008) . For large scale replanting purposes, this germplasm requires to be propagated in a massive fashion and in a period of time as short as pos-sible. Since seed propagation would take decades, an alternative could therefore be micropropagation. Coconut is recalcitrant to in vitro morphogenesis . Nevertheless, we recently reported a reproducible regeneration system for plumule explants based on the multiplication of embryogenic callus and secondary somatic embryogenesis, with which several thousand somatic embryos can be obtained per initial explant (Pérez-Núñez et al. 2006) . However, efficiency is still low in terms of the number of explants producing embryogenic callus and the number of somatic embryos generated per embryogenic callus. These limitations are translated into more embryogenic callus multiplication cycles and labour to obtain greater yields. Therefore, it is important to improve the in vitro embryogenic capacity of coconut tissues and to strengthen coconut defences against diseases such as lethal yellowing disease.
Genetic transformation has proven to be an alternative to abate recalcitrance to in vitro morphogenesis and to increase resistance to pathogenic microorganisms (Cai et al. 2002; Shin et al. 2002; Zuo et al. 2002; Herrera-Estrella et al. 2004 ). This has been achieved by insertion and over-expression of genes related to the control of morphogenesis, such as the heterologous gene WUSCHEL in Arabidopsis thaliana and Coffea canephora cultures that promoted the transition from vegetative to embryogenic state, and eventually led to somatic embryo formation (Zuo et al. 2002; Arroyo-Herrera et al. 2008) . In Capsicum chinense, the induced expression of WUSCHEL in segments of transformed stems began to form globular structures, suggesting that heterologous WUSCHEL was active and involved in the process of morphogenesis (Solís-Ramos et al. 2009 , 2010b . It has been demonstrated in Arabidopsis that over-expression of a somatic embryogenesis receptor-like kinase (SERK) gene AtSERK1 increases the embryogenic competence of callus derived from transformed seedlings 3 to 4-fold when compared with the wild-type callus (Hecht et al. 2001) . In addition to their basic role in somatic embryogenesis, OsSERK1 and OsBISERK1 are reported to partially mediate defense signal transduction leading to disease resistance in rice (Hu et al. 2005; Song et al. 2008) . Recently, Santos et al. (2008) reported that lettuce plants with elimination of LsSERK expression via RNA silencing had a reduced ability to form somatic embryos, and simultaneously became more susceptible to the pathogenic fungus Sclerotinia sclerotiorum, results that are consistent with an involvement of SERK in somatic embryogenesis and plant defence.
Regarding to transformation and resistance to diseases, some success has been obtained for different plant species. It has been reported Capsicum annuun transformation with genes from the coat protein of the cucumber mosaic virus (CMV-CP) (Yu-Xian et al. 1996; Shin et al. 2002a; Zhu et al. 1996; Cai et al. 2002 Cai et al. , 2003 , or the coat protein of tomato mosaic virus (TMV-CP) (Cai et al. 2003) , or Tsi1 gene (tobacco stress-induced gene 1) (Shin et al. 2002b) , which showed resistance to either cucumber mosaic virus (CMV), pepper mild mottle virus (PMMV), bacterial (Xanthomonas campestris pv. vesicatoria) or fungal pathogens (oomycete, Phytophtora capsici), representing improvements for these susceptible cultivars. A similar transgenic approach has been employed to control Panama wilt and Sigatoka disease in banana cultivars. Chakrabarti et al. (2003) reported that the transgenic banana expressing a synthetic substitution analogue of magainin, a protein from skin secretions of Xenopus laevis, was more resistant to both Fusarium oxysporum f. sp. cubense and Mycosphaerella musicola. Similar resistance to the fungal pathogen has been reported in transgenic banana expressing chitinase and β-1, 3-glucanase (Sreeramanan et al. 2006) . Results of a recent study showed that the banana plants that expressed a human lysozyme gene under the control of 35S promoter were also resistant to Panama wilt disease under field conditions (Pei et al. 2005) . The degree of resistance correlated positively with transgene expression, with the two most resistant transgenic lines, showing the highest gene expression (Pua 2007) .
In our laboratory we have started studies on genes related to somatic embryogenesis in coconut. Pérez-Núñez et al. (2009) determined the presence of an ortholog of the SERK gene in the coconut genome. Analysis of its expression showed that it could be detected in embryogenic tissues before embryo development could be observed. In contrast, no expression was detected in non-embryogenic tissues, suggesting that Cocos nucifera CnSERK expression is associated with induction of somatic embryogenesis and that it could be a potential marker of cells competent to form somatic embryos in coconut in vitro cultures, as it is the case for other species (Schmidt et al. 1997; Somleva et al. 2000; Hecht et al. 2001) . Montero-Cortés et al. (2010) isolated from coconut a cyclin-dependent kinase (CDKA) gene; which might be linked to the cellular control. Expression of the CnCDKA gene steadily increased during embryogenic callus formation phase when embryogenic competence was attained. Analysis of CnCDKA expression at different somatic embryo formation stages showed that expression decreased progressively, being the lowest when somatic embryos were germinating. These genes are candidates for future experiments of transformation in coconut tissues.
There are several protocols for genetic transformation of different monocot species, such as agave (Flores-Benítez et al. 2007 ), wheat (Uzé et al. 1999; Wan and Layton 2006) , corn (Valdez-Ortiz et al. 2007 ), rice (Li et al. 1993; Lucca et al. 2001) , and oat (Gasparis et al. 2008 ). In the particular case of palm species, genetic transformation has been reported only for oil palm (Elaeis guineensis Jacq.). Parveez and Christou (1998) reported the regeneration of plants from oil palm embryogenic callus transformed by biobalistics. Abdullah et al. (2005) developed a method for genetic transformation using immature zygotic embryos of oil palm, and through analysis of β-glucuronidase (GUS) expression, they identified 97.4% of transformation frequency by biolistics and 64.4% through Agrobacterium tumefaciens co-culture. No studies have been reported on defence mechanisms or related genes for coconut.
In the case of transformation of coconut, there are no reports in the literature. Therefore, the present study aimed to develop a protocol for genetic transformation of this palm species; evaluating reporter genes, transformation methods, and conditions for the use of antibiotics to select transformed plant cells. A protocol that combines biobalistics to generate micro-wounds in explants, vacuum infiltration and co-culture with A. tumefaciens was developed, and its application for the transient genetic transformation of coconut embryogenic callus is reported here. 
Material and methods

Plant material
Our workgroup have an in vitro established and characterized collection of different tissues and plants of Cocos nucifera L. cv. Green Malayan Dwarf. Then this material as well as plants from our field collection were used for the different experiments: (i) male flowers from immature inflorescences (stage −2 and −4; Perera et al. 2007 ); (ii) embryogenic calli obtained from coconut plumules according to Pérez-Núñez et al. (2006) ; (iii) zygotic embryos excised from coconut fruits of 10-12 months old according to Chan et al. (1998) ; and (iv) roots and leaves taken from plantlets obtained through somatic embryogenesis according to Chan et al. (1998) . Alfalfa seedlings (Medicago sativa L.) obtained by in vitro seed germination on MS medium (Murashige & Skoog 1962) and transformed with the binary plasmid pTG9701, according to González-Estrada (2000) were used as reference tissues for positive GUS activity. Wild type alfalfa seedlings germinated in the MS medium were used as reference for negative GUS activity. In subsequent experiments (using fluorescent proteins as reporter genes, experiments for Agrobaterium elimination and experiments for kanamycin as selective agent), we used embryogenic calli obtained from plumular explants, according to Pérez-Núñez et al. (2006) .
Strains and plasmids
The EHA101, EHA105 and C58C1 strains of Agrobacterium tumefaciens were utilized for genetic transformation. For experiments on GUS-like activity the binary plasmid pTG9701 was used containing the gene gusA from E. coli, which encodes GUS under control of the GH3 auxin inducible promoter of soybean (Glycine max L.), with a NOS terminator. For experiments with fluorescent proteins, the plasmids used were pBIN19 CATgfp and pLH60-DsRFP. Plasmid pBIN19 CATgfp contains the gene encoding green fluorescent protein (GFP), as a reporter with the CaMV35S promoter. 
Transient transformation by biobalistics, vacuum infiltration and co-cultivation
Genetic transformation of coconut tissues was tested using an approach that combined biobalistics to generate microwounds in explants, with subsequent vacuum infiltration and/or co-culture with A. tumefaciens (C58C1+ pER10W-35SRed). Bombardment of embryogenic calli was carried out using 1 µm diameter gold particles (without DNA) at a distance of 6 cm with a pressure of 900 psi. The coconut embryogenic calli were placed in the middle of a petri dish forming a circle of 1.5 cm in diameter over the semisolid Y3 medium phase I (Pérez-Núñez et al. 2006) . After biobalistic treatment, the embryogenic calli were submerged in YEP medium or bacterial suspension with A. tumefaciens strain C58C1 + pER10W-35SRed (Table 1) . Corresponding treatments were placed in a chamber for vacuum infiltration at 40 psi for 20 min (Table 1) . Finally, without removing excess of bacteria the embryogenic calli were co-cultured in semisolid Y3 medium phase I, in darkness at 28 • C for 48 h. The conditions for bombardment and vacuum infiltration were determined by previous experiments in our working group (data not shown). Experiments were repeated 5-times with 5 explants per treatment each time.
Bacteria elimination
After co-cultivation, all the embryogenic calli were washed for 5 min with a solution of 0.9% NaCl and subsequently with sterile distilled water three-times to remove bacteria residue. Then, depending of the treatment, they were immersed for 20 min under constant agitation in a solution with different antibiotic treatment solutions containing timemtin, cefotaxime or a mixture of both (Table 1) to eliminate the bacteria from the cultures. Explants in control group were washed only with 0.9% NaCl, but antibiotic solution was not applied. All the explants were placed in semisolid Y3 medium phase I with antibiotics (300 mg/L timentin + 300 mg/L cefotaxime). Treatments were incubated in the dark at 27±2 • C.
Histochemical GUS detection and fluorescent proteins visualization
The histochemical staining for GUS detection tests was performed according to Jefferson (1987) , using 50 mg of fresh tissue for dipping in 1 mL of phosphate buffer solution at pH 6, 7, 7.5, or 8, incubating for 8 h at 37 • C in darkness. After staining, samples were washed in phosphate buffer at corresponding pH and subsequently in 70% ethanol to remove chlorophyll and other pigments from the tissue. Explants were kept in 70% ethanol and the presence and intensity of GUS staining rate was evaluated. Two treatments were used to investigate the effect of methanol on GUS-like enzyme activity: (i) immersion of tissue in a solution of 20% methanol prior to staining; and (ii) addition of methanol to the staining buffer (concentration: 20%); in both treatments phosphate buffer was used at pH 7. The fluorescence of green or red fluorescent proteins was detected with a fluorescent stereoscopic microscope Leica MZFLIII with an excitation wavelength of 525/50 nm and filters 470/40 nm (GFP) and 543/30 nm and 620/60 nm (RFP).
Kanamycin for transformed plant cells selection
The experiment was established with non-transformed embryogenic calli exposed to different doses of kanamycin in two media formulations (Table 2) : (i) kanamycin in semisolid Y3 medium phase I with activated charcoal, according to Pérez-Núñez et al. (2006) ; and (ii) kanamycin in semisolid Y3 medium phase I without activated charcoal, according to Sáenz et al. (2005) . A control of embryogenic calli cultured without kanamycin (Table 2) was used for each of the medium formulations mentioned above. Ten embryogenic calli were used per treatment. The treatments were incubated at 27±2 • C in darkness for 90 days. The culture medium was renewed every 15 days to prevent the antibiotic to lose its effect. The response of the explants was evaluated every 5 days.
Transgene detection by PCR Genomic DNA was isolated from coconut embryogenic calli co-cultured with bacteria and assayed by PCR to test both the presence of the gene of interest, as well as the presence of A. tumefaciens in the tissue. For DNA isolation, samples were macerated with 200 µL extraction buffer (200 mM Tris-HCl, pH 7.5, 250 mM NaCl, 25 mM EDTA, 0.5% SDS). The extracts were washed with 100 µL of phenol : chloroform : isoamyl alcohol (25:24:1). The DNA was precipitated with ethanol and resuspended in 20 µL distilled nucleasefree water. The extraction of DNA from pER10W-35SRed and C58C1 were carried out according to the manual for plasmid purification (Wizard PLUS, PROMEGA).
PCR amplification of the gene WUSCHEL sequence was performed using the primer pair 5'tatggagccgcca-caacag3' (WusF: forward) and 5'atcacagccttctccttctt3' (WusR: reverse), and a fragment of 862 bp was obtained. For gfp gene amplification the primer pair 5'cgatagc-catgggtaaaggagaag3' and 5'tccagaggatccttatttgtatagttc3' was used, and a fragment of 714 bp was obtained. For amplification of DsRFP gene the primer pair 5'ggagatatc-catggggtcttccaag3' and 5'cagccggatccgctaaaggaacag3' was used, and a fragment of 714 bp was obtained. The volume of the reaction mixture was 25 µL, containing: 0.2 mM dNTPs, 0.02 mM MgCl2, 0.5 µM of each primer, 2 µL of sample DNA and 0.04 U/µL of Taq polymerase (Invitrogen, USA). PCR conditions were: 95 • C for 2 min, 30 cycles at 94 • C for 1 min, 58 • C for 40 s and 72 • C for 1 min, and 10 min at 72 • C.
For the VirE2 gene amplification the primer pair 5'acatatg-gagccgccacag3' and 5'atcacagccttctccttctt3' was used, and a fragment of 895 bp was obtained. The conditions were 94 • C for 30 s, 30 cycles of 94 • C for 1 min, 55 • C 1 min and 72 • C for 1 min, and 10 min at 72 • C. The amplified fragments were separated in 1% (w/v) agarose gels.
Results and discussion
Evaluation of the gusA gene as reporter for coconut genetic transformation It is a common practice in transformation protocols to include, in the same DNA construct containing the gene of interest for insertion, a gene coding for an easily detectable protein, whose expression would indicate successful uptake of the gene of interest. The gene gusA encoding GUS is frequently used for this and the corresponding development of blue staining (Parveez & Christou 1998; Ramli & Abdullah 2003; Abdullah et al. 2005; Solís-Ramos et al. 2010a) .
Then, in order to develop a coconut transformation protocol, we started A. tumefaciens-mediated transformation of coconut embryogenic calli, testing gusA as a reporter gene. However, after a preliminary experiment, blue staining was found in histochemical preparations of embryogenic calli not exposed to bacteria, presumably due to endogenous GUS activity; and no difference in staining intensity was found between these calli and calli co-cultured with bacteria (see Figure 1 ). Since alfalfa tissues do not present endogenous GUS-like activity (Micallef et al. 1995; González 2000) , we used wild type alfalfa tissues as well as alfalfa tissues transformed with the gusA gene, as a reference for histochemical staining. After staining, the leaf and petiole vascular bundles of transgenic alfalfa stained blue at all pH values tested, and the most intense colour was obtained at pH 7 (not showed). These results demonstrated that the transformation protocol and histochemical procedure was properly done, and the gusA gene inserted in the plasmid was functional.
In different species optimal endogenous GUS-like activity has been reported between pH 4 and pH 6 (Hodal et al. 1992 ), whereas it is histochemically undetectable at pH 7.0 or higher (Alwen et al. 1992; Hodal et al. 1992; Sudan et al. 2006; Solís-Ramos et al. 2010a) . In contrast, the pH of E. coli-derived GUS has optimum activity at pH 7.0 (Jefferson 1987) . Therefore, assaying at this pH for transformation-associated GUS activity, could be a means to discriminate the E. coli-derived GUS from endogenous GUS-like activity (Sudan et al. 2006 ). On the other hand, Kosugi et al. (1990) proposed that the use of methanol in GUS buffer eliminated endogenous GUS-like activity, while having no effect or even enhancing the activity of the introduced gusA gene. Then, before testing an alternative reporter gene, we evaluated the effect of pH and methanol treatment to discriminate between endogenous GUS-like activity and that resulting from transformation in embryogenic callus, and two other alternative tissue sources: male flowers and zygotic embryos. Endogenous GUS-like activity assayed at different pH values (6, 7, 7.5 and 8) showed that the wild type embryogenic calli developed blue staining at all pH values tested (Fig. 1A) , and no difference could be observed when compared with the blue staining generated in calli co-cultured with bacteria (not shown). This endogenous GUS-like activity was also found in other wild type coconut tissues: male flowers (anthers Fig. 1B and  1D) , zygotic embryos (Fig. 1C) , as well as in cotyledonary tissues and plumule ( Fig 1F) . So, GUS-like activity is already present in the most important explant source tissues for coconut micropropagation. Regarding methanol, two treatments were assayed. Firstly, the immersion of wild type coconunt tissues in 20% methanol did not affect the endogenous GUS-like activity in anthers or embryogenic calli, and only slightly decreased it in zygotic embryos. Secondly, the addition of methanol to the staining solution did not decrease the intensity of the endogenous GUS-like activity in any of the wild type tissues tested. These results therefore showed that endogenous GUS-like activity was present in other wild type coconut tissues besides embryogenic callus; but in contrast to previous reports with other species, neither changing pH nor methanol treatment helped to decrease endogenous GUS-like activity in coconut tissues, particularly at pH 7, at which E. coli-derived GUS has its optimum activity. The gusA was thus not considered convenient as a reporter gene for the development of a genetic transformation protocol of coconut tissues, and other genes had to be tested for this purpose.
Evaluation of gfp and DsRFP as reporter genes for coconut genetic transformation Since, gfp and DsRFP genes encoding for green and red fluorescent proteins, respectively, have also been useful as reporter genes in transformation protocols of different plant species, e.g. soybean (Ponappa et al. 1999) , wheat (Jordan 2000) , oat (Kaeppler et al. 2000) , barley (Carlson et al. 2001 ) and oil palm (Ramli & Abdullah 2003) , we tested A. tumefaciens-mediated transformation of coconut embryogenic calli using the strains C58C1, EHA101 and EHA105 and plasmids encoding the green and red fluorescent proteins.
After co-culturing with bacteria, groups of cells in embryogenic calli transformed with the plasmid pBIN19 CATgfp (Fig. 2A) were able to emit green fluorescence (Fig. 2B) , and also groups of cells in embryogenic calli transformed with the plasmid pLH60-RFP (Fig. 2C) were able to emit red fluorescence (Fig. 2D) . Then, coconut cells in treated embryogenic calli were able to express transiently both reporter genes.
Abundance of the fluorescence (either green or red) in the transformed calli was not quantified, but it was noticed that it varied depending on the A. tumefaciens strain used. It was lower when the C58C1 strain was used than with EHA105 and EHA101 strains (not showed). This difference might be related to differences in the potential of virulence of each strain as it has been reported in other cases (Hellens et al. 2000) . How-ever, in most of the embryogenic calli co-cultured with strains EHA101 and EHA105, recurrence of bacterial growth after 30 days of antibiotics treatment was common. These calli were subjected to a more aggressive treatment to prevent recurrence of bacterial growth, but this resulted in necrosis and the bacteria was still able to grow on the surface of the callus. The EHA101 and EHA105 strains were therefore not used in subsequent experiments. These results showed which bacteria strain was more suitable, and also that both fluorescent genes are suitable as reporter genes for the transformation of coconut.
Bacteria elimination
After bacteria co-cultivation, embryogenic calli were washed with different antibiotic treatment solutions containing timentin, cefotaxime or a mixture of both (Table 1) to eliminate bacteria from the cultures. The most effective treatments were those with the combination of antibiotics, particularly those with the highest concentrations 500 or 1000 mg/L, although the same result was obtained with either of them: 100% calli free of bacteria after treatment (Table 1) . Thus the mixture at 500 mg/L for each antibiotic was adopted as the standard treatment for the elimination of bacteria from the embryogenic calli after co-culture.
Kanamycin for transformed plant cells selection
The plasmid used encodes resistance to the antibiotic kanamycin, one of the most-used selective agents. The embryogenic calli cells that are transformed have therefore to be able to live in a medium containing a lethal concentration of this antibiotic. It means it is important to determine the concentration at which wild type embryogenic calli are affected by the antibiotic. Then, embryogenic calli was cultured on semi-solid Y3 media containing different kanamycin concentrations (0, 60, 90, 180, 300, 600, 900 and 1200 mg/L). After 90 days, none of the embryogenic calli tested exhibited symptoms of being affected by any of the antibiotic concentrations tested (Table 2) . This was surprising because for other species lethal concentrations reported are below 200 mg/L. For example, Arabidopsis or tobacco plants can be selected using concentrations around 100-200 mg/L, while other more insensitive or tolerant species, such as Catharanthus roseus, require concentrations as high as 8 g/L to be able to separate the transformed and non-transformed cells or tissues (Lorence & Verpoorte 2004) . The medium used for the current study was prepared with the usual formulation for coconut embryogenic callus culture as reported by Pérez-Núñez et al. (2006) . Since this medium contains activated charcoal (AC) and this material has adsorption capacity , it was eliminated from the formulation considering the possibility that it might have been adsorbing the antibiotic and reducing its concentration in the medium. AC-free medium has already been tested for embryogenic calli growth, and although not optimal, this medium allowed the calli survival (Sáenz et al. 2005) . Using the AC-free medium, after 30 days, all the calli cultured with kanamycin concentrations from 300 to 1200 mg/L were affected by the antibiotic, becoming necrotic, but not those cultured with lower concentrations (Table 2 ). The minimum effective kanamycin concentration 300 mg/L was still higher in comparison with concentrations reported for other species. For example, the transformation protocol for Agave salmiana includes 50 mg/L kanamycin (Flores-Benítez et al. 2007) , 100 mg/L for Coffea canephora and Capsicum chinense (Canche-Moo et al. 2006; Solís-Ramos et al. 2009 ), and 150 mg/L for Nicotiana tobaccum and Nicotiana benthamiana (Clemente 2006) . Coconut is thus apparently more tolerant to the effect of kanamycin than the species mentioned above. Somehow contrasting, in the case of another palm species E. guineensis, the minimum concentration needed was above 200 mg/L kanamycin (Abdullah et al. 2005) . Based on the present results, we decided that the concentration of 400 mg/L kanamycin in semisolid Y3 medium without AC was adequate for selection of the coconut transformed cells.
Combined use of biobalistics, vacuum infiltration and co-cultivation with A. tumefaciens Previous reports indicated that the efficiency of Agrobacterium-mediated transformation could be increased with different approaches. One is the use of vacuum infiltration before co-culturing of the explants with bacteria (Charity et al. 2002; Acereto-Escoffié et al. 2005) ; another one is causing micro-wounds (e.g. biobalistics particles) to the explants prior to co-culture with bacteria (Xue et al. 2006; Valdez-Ortiz et al. 2007 ). Based on these reports, we tested the combined use of biobalistics for causing micro-wounds, vacuum infiltration and bacteria co-cultivation in an experiment with different treatments ( Table 2 ). The plasmid used was pER10w-35SRed.
The embryogenic calli in treatments that did not include co-culture with bacteria T0, T1, T2 and T3 did not show red fluorescence (Table 2, Fig. 3 showing T0). In contrast, the embryogenic calli in all other treatments where bacteria co-cultivation was included (T5, T6 and T7) showed fluorescence (Table 2, Fig. 3 ). This was quantified as follows: when embryogenic calli was co-cultivated with A. tumefaciens without biobalistics or vacuum infiltration, 32% showed red fluorescence and 2.5 spots per callus (treatment T4, Table 2 ). When vacuum infiltration was used with co-culture with bacteria, an increase was observed with 68% of calli show-ing red fluorescence and 4 spots per callus (treatment T5, Table 2 ), as in other reports using similar conditions of transformation for Pinus radiata cotyledons (Charity et al. 2002) , immature onion embryos (Eady et al. 2000) , and embryogenic calli and inflorescences of rice (Datta et al. 2000; Dong et al. 2001 ). Further improvement was obtained when biobalistics was included. With biobalistics combined with co-cultivation, 100% of calli showed red fluorescence and 5 spots per callus (treatment T6, Table 2 ); and when combined with vacuum infiltration and co-cultivation with bacteria the percentage of calli showing red fluorescence was also 100% but the number of spots per callus increased to 9 and the size of the spots also increased (treatment T7, Table 2 ). Micro-wounds caused by biobalistics probably favour the interaction of the bacteria with calli cells. Such a combined effect has also been reported in maize and soybean (Xue et al. 2006; Valdez-Ortiz et al. 2007 ).
PCR analysis of transient transformed coconut embryogenic calli
PCR assay for the amplification of a partial sequence of DsRed gene using primer pair DsRedF/DsRedR was carried on DNA extracts from some calli without coculture (treatments T0-T3) or with co-culture (treatments T4-T7) with A. tumefaciens. No amplification was obtained with treatments that did not include bacteria co-culture, whereas positive amplification was Fig. 4 . Visualization of PCR products amplified by specific primers for WUSCHEL and VirE2 genes. M = 1 kb ladder; + = positive control, plasmidic DNA of pER10W-35SRed; 1 and 2 = DNA from embryogenic calli 60 days after transformation with treatment T7 (biobalistics, vacuum infiltration and co-cultivation); 3 and 4 = DNA from embryogenic calli 60 days after transformation with treatment T6 (biobalistics and cocultivation); C = negative control, DNA from wild type embryogenic calli.
obtained with treatments that included bacteria coculture and also when plasmid DNA was used as a template. The size of the band obtained was 714 bp, as expected. Also, when PCR was carried out for the amplification of a partial sequence of the WUSCHEL gene (included in the plasmid used) with primer pair WusF/WusR, no amplification was obtained with calli DNA from treatments (T0-T3) that did not include bacteria co-culture. On the other hand, positive amplification was obtained with treatments (T4-T7) that included bacteria co-culture, and also when plasmid DNA was used as a template (Fig. 4) . The size of the band obtained was 862 bp, as expected ( Fig. 4) . Finally, when PCR assay for the amplification of a partial sequence of Fig. 5 . Proposed protocol for the genetic transformation of coconut embryogenic callus.
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VirE2 gene using primer pair VirE2F/VirE2R was carried out, no amplification was obtained with calli DNA from any of the treatments, including those with bacteria co-culture, but a clear band was amplified when using plasmid DNA (Fig. 4) . Therefore, the positive PCR amplification of partial sequences of DsRed and WUSCHEL using DNA from coconut calli co-cultured with A. tumefaciens, as well as the negative amplification of VirE2 from these DNA samples, indicate that transient transformation did occur in the treated calli.
Considering all the results presented above a protocol for the transformation of coconut was integrated (Fig. 5) . It includes the treatment of coconut embryogenic calli with bombardment with gold particles without DNA to produce micro-wounds, and vacuum infiltration with A. tumefaciens using DsRed as reporter gene. Then A. tumefaciens is eliminated with washings with timentin + cefotaxime. And finally selective propagation of transformed cells in calli is carried out with kanamycin.
Conclusions
This is the first report of transient genetic transformation of coconut and it is the first step toward a protocol that will be useful for the study of the role of genes of interest and for practical applications for the improvement of coconut micropropagation via somatic embryogenesis. For instance, an ortholog of the SERK gene in the coconut genome CnSERK isolated in our laboratory is used within a construct for the transformation of coconut calli. We would expect the increased embryogenic capacity of the callus, as reported for similar experiences with other species (Hecht et al. 2001 ). It will also help us to learn more about the role of CnSERK. Also the construct pER10w-35SRed used in the present study contains the heterologous gene WUSCHEL from A. thaliana (Zuo et al. 2002) , a gene that is known to be involved in control of embryogenesis (Zuo et al. 2002; Arroyo-Herrera et al. 2008) . In this construct the gene WUSCHEL is under an estradiol inducible promoter (Zuo et al. 2002) . Therefore we would expect that treatment with estradiol will lead to over-expression of WUSCHEL in transformed coconut embryogenic calli, promoting somatic embryo formation, as reported for Capsicum chinense cultures (Solís-Ramos et al. 2009 ). This test will be carried out as a follow up of the present study, as an approach to increase the efficiency of somatic embryo formation in embryogenic calli in order to improve the micropropagation of coconut (Pérez-Núñez et al. 2006 ).
